Abstract
XPS analysis
2 X-ray Photoelectron (XPS) provides information about the oxidation state of the elements 3 and their concentration at the sample surface. A K-ALPHA XPS system (Thermo Scientific) 4 was used to analyse the state of the oxidation of iron in the samples before and after laser 5 irradiation. All spectra were collected using K-alpha radiation (1486.6 eV), yielding a 6 focused X-ray spot with a diameter of 300 µm, at 3 mA and 12 kV. Twenty eight cumulative 7 scans were performed in order to obtain an adequate signal-to-noise ratio. Differences 8 between pre and post laser application were analysed by calculating odds ratios of the spectra 9 peak´s height and area for Fe 2+ vs Fe 3+ and their 95% confidence intervals using STATA 14. (Table 2) .
4
5 The intensity has been defined as both height and area ratios of the peaks A and B (A/B).
6 This means that laser irradiation produces a reduction of the oxidised iron, which is presented 7 in Piedramuelle Roja minerals mainly as hematite. Thus, the A/B height and area ratios 8 (Fe 2+ /Fe 3+ compounds) tend to increase after laser irradiation, which seems to be significant 9 as there is not overlapping between the 95% CI pre and post laser (Table 2) . Odds ratios Fe 3 The colour change on dry surfaces is considerably higher than on wet surfaces, which at the 4 highest fluence (1.47 J cm -2 ) is also above the human visual detection threshold.
5
6 XPS could be routinary used to analyse causes of colour changes during laser cleaning in 7 other type of coloured building stones. 
